Abstract Percutaneous endoscopic gastrostomy (PEG) is an important technique for the provision of nutrition. The present study presents data from our analysis of the PEG procedure. Patients administered with PEG at the endoscopy unit of the 19 Mayıs University General Surgery Department between 2007 and 2013 were analyzed retrospectively, and technical problems, indications, and complications related to the PEG procedure in 221 patients were evaluated. Of the patients, 60 % were male and the median age was 61 years (18-92 years). The most frequent indication was admittance to the intensive care unit, accounting for 46 % of the total, followed by neurological disease, with 41 %. The success rate of the procedure was 98 %, and the overall rate of complications was 22 %. No mortalities were reported as resulting from the procedure. The most common complication was the development of granulomas around the tube (8 %). PEG is a safe method of longterm feeding but is associated with a high rate of morbidity that can be treated easily using conservative treatment methods.
Introduction
Percutaneous endoscopic gastrostomy (PEG) is a suitable feeding procedure for patients who are unable to be fed orally. In patients who have lost their deglutition reflex, PEG provides continuous nutrition via a tube inserted into the stomach. The procedure was first described by Gauder et al. in 1980, and since then, it has seen to have increasing use as a less invasive procedure than surgical gastrostomy [1, 2] .
As the knowledge of hospital malnutrition has increased, in addition to chronic nutritional disorders, enteral feeding practices in trauma and intensive care patients has also gained importance [3] . Feeding by way of a nasogastric tube is easy and cheap; however, there are many clinical studies citing PEG as a more comfortable technique that is associated with fewer complications than the nasogastric catheter [4] [5] [6] . Accordingly, PEG is recommended in patients who require longterm feeding by tube [7] .
Methods

Study Design
For the present study, patients who were administered with PEG at the endoscopy unit of 19 Mayıs University Medical Faculty General Surgery Department were analyzed retrospectively. The patients' age, gender, ailment, tube application procedure, PEG tube fixing distance, morbidity, and mortality were extracted from the hospital automation system and recorded.
A total of nine patients who had undergone a planned PEG application, but who could not tolerate the procedure and in whom the stomach could not be accessed, were excluded from the study.
Patients
Two hundred twenty-one patients who were administered with PEG between 2007 and 2013 were included in the study.
Procedure
The patients were given no food for 8 h prior to the procedure. Treatments for additional diseases were maintained. The use of low-molecular-weight (LMWH) heparin, clopidogrel, or aspirin was not considered a contraindication. In patients using warfarin, the procedure was carried out after international normalized ratio (INR) values were under control (<2.5). Previous abdominal surgeries (including gastric surgery) were not considered a contraindication.
The tubes were inserted at the bedside for patients who had been hospitalized in the intensive care unit and for the rest of the patients in the endoscopy unit. The length of the tube to the skin entry point was recorded. Prophylactic antibiotic treatments were not administered.
The patients' pulse rate, blood pressure, and oxygen saturation were monitored during the procedure. The procedure was carried in all patients out using the "pull" method. The tubes used were 16-20 F standard silicon PEG kits. An oral local anesthesia (10 % lidocaine spray) in addition to sedoanalgesia with midazolam (Dormicum, Roche, Basel, Switzerland) and propofol (Diprivan; AstraZeneca, Hamburg, Germany) was administered to conscious patients and those responding to pain stimuli. In patients for whom sedoanalgesia was insufficient, the PEG procedure was carried out under general anesthesia. A local anesthesia was given before the skin incision. The location of the tube insertion point was determined using a diaphanoscope and by finger indentation of the abdominal wall.
The tubes of the patients administered with PEG were in free drainage for 24 h, and gastric decompression was applied. Feeding was initiated at the end of this period.
Results
Among the 221 patients who had undergone PEG procedures at the endoscopy unit of the 19 Mayıs University General Surgery Department between 2007 and 2013, 132 were male (60 %) and 89 were female (40 %). The median age was 61 years (18-92 years).
The PEG procedure was successful in 217 out of 221 patients (98.2 %). In four patients, diaphanoscopy and palpation did not reveal a safe zone between the abdominal wall and the stomach, and so, surgical gastrostomy was applied to these patients. In one of the patients, who was found to have a small stomach, the gastrostomy tube was inserted from the right under the arcus costa, while another patient experienced adhesions as a result of an earlier gastric surgery. In another two patients, a laparotomy did not reveal any problems related to the position of the stomach.
The most frequent indication was hospitalization in the intensive care unit, with a rate of 46 %, followed by neurologic diseases, with 41 %. The PEG indications are presented in Table 1 .
The procedure in unconscious, immobile, and intubated patients was carried out in supine position and in reverse Trendelenburg position when possible. The insertion of the endoscope into the esophagus was partially more difficult in such patients. In patients with a nasogastric tube, the tube was removed during the removal of the guide wire via an endoscope. Inserting the endoscope into the esophagus was found to be easier and faster in patients with nasogastric catheters.
The duration of the procedure was between 2.5 and 16 min, with the majority of the time spent pushing the endoscope along the esophagus. Cervical collars and chin fixators complicated the procedure in some patients.
In four cases, the patients were unable to open their mouths wide enough to fit the mouthpiece due to neurological problems, and so, the PEG was inserted under general anesthesia (1.8 %).
The median distance of the outer bumper of the PEG tube to the skin was 2.6 cm (1.5-6 cm).
Within the first 7 days after the procedure, the tubes of five patients had become accidentally dislodged due to traction (2.3 %); two patients had pulled and dislodged their own tubes, 8 and 11 h after the procedure. In the second of these patients, the gastrostomy tube was immediately advanced through its tract, and abdominal ultrasonography was used CVD cerebrovascular disease, HNC head and neck cancer, SDH subdural hematoma, SAH subarachnoid hemorrhage, COPD chronic obstructive pulmonary disease, ALS amyotrophic lateral sclerosis to confirm the tube in the stomach. The patient was treated with antibiotics and kept under observation to monitor any abdominal findings. The other patient was examined and fitted surgically with a gastrostomy tube. The tubes of three additional patients became dislodged due to traction, respectively, 2, 3, and 6 days after the procedure. The gastrostomy tubes were successfully replaced in these patients by pushing them through their tracts. The tube position and the intra-abdominal region were checked with abdominal US. The patients whose tubes were dislodged within the first 7 days experienced no further problems.
The tubes of 12 patients (5.5 %) were dislodged after the initial week, and after which, surgical gastrostomy tubes were inserted into these patients by pushing them through the tube tract.
In a total of three (1.4 %) patients who developed bleeding, two suffered gastric bleeding and one experienced bleeding at the skin level. Skin compression was increased transiently in these patients. The bleeding stopped within 24 h in the first patient but lasted for 48 h in another. None of the patients required a blood transfusion.
An infection developed at the PEG site in five patients (2.3 %). Of these, one patient has drainage through a skin incision at the edge of the tube, while the other patients recovered after wound care and antibiotic treatments (Fig. 1) .
Granulation developed at the PEG site in 17 patients (7.8 %), who experienced pain and bleeding in the form of leakage. These patients were treated with chemical cauterization using silver nitrate.
Buried bumper syndrome developed in five patients (2.3 %), who were admitted with tube obstructions and discharges from the tube site (Fig. 2) . Examinations revealed that the tube was close to the skin surface for less than 1 cm. In a total of five patients, three have tubes that were at a subcutaneous level and were removed by traction. The remaining two patients were diagnosed by endoscopy. The PEG tubes were disconnected at the skin level, pushed into the stomach, gripped using a snare, and removed by endoscopy. The tube site was drained, and a new PEG tube was inserted into these patients from another location.
Among the eight patients that had undergone previous gastrointestinal surgeries, a PEG tube was inserted into seven (87.5 %). A surgical gastrostomy was applied to one patient for whom the PEG had been unsuccessful.
The PEG complications are presented in Fig. 3 . Among the patients reporting complications associated with PEG, only one had undergone surgical treatment due to early-phase tube removal (0.5 %). The other patients were treated successfully using conservative methods. There were no reported mortalities related to the PEG procedure.
Since our endoscopy unit provides the third line of care, the majority of the patients administered with PEG had posttreatment follow-ups at the health-care centers in their own regions. As a result, the long-term medical records of the patients after tube insertion could not be accessed.
Discussion
With the advent of a better understanding of the clinical importance of nutrition, gastrostomy practices have become a major component of treatments. Since enteral feeding offers significant advantages over parenteral feeding, it is more often recommended in patients with functional gastrointestinal systems. Short-term feeding can be provided by way of a nasoenteral tube in patients with insufficient oral uptake [8] . Although PEG is a more invasive procedure, it is said to offer more advantages over nasogastric feeding [4] [5] [6] [7] [8] . In clinical practice, PEG is recommended for long-term feeding. ESPE N (The European Society for Clinical Nutrition and Metabolism) guidelines recommend PEG for patients who require feeding for more than 2 to 3 weeks [7] , whereas various other studies advise the use of PEG for feedings that last longer than 4 weeks [8] [9] [10] . While PEG is common in patients with neurologic diseases, its use in intensive care patients after trauma or surgery has increased since feeding has been considered a part of treatment [3, 10, 11] . In patients with predicted long-term treatment needs, the PEG can be applied shortly after the initiation of nasoenteral feeding. The nutritional strategies followed by different clinics can lead to differences in the frequency of PEG application. The frequency of PEG applications among the patients who require intensive care support after trauma or surgery is also higher in the present study.
The use of prophylactic antibiotics in the PEG procedure is controversial. Although most studies report that the use of antibiotics may reduce peristomal infections [12] [13] [14] , there are also studies claiming the opposite [15] [16] [17] . It has been reported that the use of antibiotics may increase bacterial resistance [18] , although the ESPEN guidelines indicate that their use is not mandatory [7] . In the present study, no antibiotic prophylaxis was used, and the rate of peristomal infections observed in the present study was 2.3 %, lower than the rates (5-36 %) reported in earlier literature [19] [20] [21] . Risk factors include cancer, cirrhosis, radiation exposure, diabetes, the size of the tube, and experience [17] [18] [19] [20] [21] [22] .
Different durations have been recommended regarding the initiation of feeding after the procedure. In the present study, feeding was initiated 24 h after the procedure, and during this period, the PEG tube was left to allow drainage. Feeding was not initiated earlier so as to allow the epithelialization of defects in the skin, muscles, and peritoneum, in accordance with the principles of drainage. We ensured that the gas insufflation and the gastric fluid in the stomach were decompressed through drainage during the procedure, and in this way, we also monitored bleeding complications. We believe that the late initiation of feeding may have led to the low rate of peristomal infections experienced. Current literature implies that the early initiation of the feeding does not necessarily increase the rate of complications when compared to a late initiation, and furthermore, nutritional guidelines do not include a recommendation on this subject [23, 24] .
Complications resulting from PEG can be encountered both during and after the procedure, and different rates of complication have been reported in the literature. Fröchlich et al. reported the rates of PEG-associated complications, morbidity, and mortality as 4.9-50, 3-12, and 0.5-1.2 %, respectively [25] . In the present study, no mortality associated with the procedure was encountered, and the most frequent complication, although not commonly listed among complications related to PEG, was granulation at the edge of ostomy. Exophytic granulation tissue may develop around the stoma in cases of long-term tube use as a result of leakage from the edge of the tube or insufficient care [21] . Leakage and bleeding may be seen at the edge of the tube, where maceration may develop when sufficient care is not provided. Regularly changing the PEG tube is not recommended [7] . The PEG tube was changed only in the event of malfunction in the present study, and the high rate of granulation that was observed can be associated mainly with long-term tube use. The granulating tissue can be treated with surgical or chemical cauterization and wound care, and all patients reported here were successfully treated using silver nitrate sticks.
Buried bumper syndrome relates to the dislocation of the PEG tube from the stomach mucosa towards the skin. The rate of buried bumper syndrome reported in the literature was between 0.3 and 4 %, concurring with the findings of the present study of 2.3 %. The most common cause of buried bumper syndrome included over-traction, hard interior bumper, malnutrition, and weak wound healing [21] . Tube obstruction may develop as a result of leakage from the edge of the tube as well as wound infection, and the diagnosis can be generally confirmed from the tube distance and the status of the ostomy, although radiological and endoscopic assessments may also be required in some cases. Out of five patients in the present study, the diagnosis was confirmed by endoscopy in two and Although reported complications associated with bleeding are frequent, the rate of such complications was relatively low in the present study. While the ESPEN guidelines recommend maintaining an INR of below 1.5 in order to reduce bleeding complications [7] , in a study of 1041 patients, Richter-Schrag et al. reported that the use of anticoagulants and increased INR values do not increase the rate of bleeding complications [22] . In the present study, the patients were provided with continuous anticoagulant treatment prior to the procedure but kept their INR level below 2.5.
The accidental dislodgement complication rate observed in the present study was higher than that reported in the previous literature (0-5.3 %) [26] . The recovery of a gastrocutaneous fistula takes generally 1 or 2 weeks, and dislodgements before this period may result in a high mortality risk. Rosenberger et al. reported a dislodgement rate of 4.1 % within 7 days and 12.8 % within the lifespan and a mortality rate of 7.8 % [26] . In the present study, the rates of early and late dislodgement were 2.3 and 5.5 %, respectively. Furthermore, four of the five patients (80 %) that experienced dislodgement within the 7 days were those that had been admitted to the intensive care unit after trauma or surgery. These patients were unconscious and suffered involuntary movements, but of these, only one required emergency surgical treatment after pulling the tube. In the remaining four patients, the gastrostomy tube was successfully inserted through the skin defect. No mortalities occurred in any of the patients as a result of the accidental dislodging of the tube. We believe that immediate intervention in the case of tube dislodgements had a role in this finding.
Previous abdominal surgeries are not considered to be contraindications to PEG insertions . Of the cases reported here, eight (3.7 %) had undergone previous gastrointestinal surgery, and the procedure was unsuccessful in one of them (12.5 %). The rate of failure after previous gastrointestinal surgery was reported to be between 2.7 and 12 % in the literature [27, 28] . We believe that the rate of failure observed in the present study was high since the number of patients was limited.
Conclusions
Our experience with the application of PEG reveals that the rate of morbidity is remarkable; however, morbidities such as tube dislodgement within the first week of application of PEG can mostly be treated using conservative methods. As such, PEG can be considered a safe method of long-term feeding.
